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Summary Seizures induced by hypercalcemia are rare. A few case reports of
seizures associated with hypercalcemia have been published, but none due to the
milk alkali syndrome. This is the first report regarding seizures associated with
calcium carbonate overuse. The two patients described in this article, who had no
risk factors for developing epilepsy, suffered from status epilepticus probably induced
by hypercalcemia. Subsequently, they both developed complex partial seizures, and
were later found to havemesial temporal sclerosis on MRI. There are no reports linking
hypercalcemia to mesial temporal sclerosis. While this may be a coincidence, there is
reason to suspect that the development of persistent epilepsy, possibly due to mesial
temporal sclerosis, was caused by prolonged seizures induced by hypercalcemia.
# 2007 British Epilepsy Association. Published by Elsevier Ltd. All rights reserved.Introduction
Hypercalcemia is rarely a cause of seizure activity.1
More commonly, it is associated with altered mental
status and encephalopathy.2 We report two cases in
which the patient presented with status epilepticus
without previous history of epilepsy. Status epilep-
ticus was thought to be due to hypercalcemia.
Evaluations for malignancy, hyperthyroidism and
hyperparathyroidism were negative, and hypercal-
cemia was attributed to milk alkali syndrome. While* Corresponding author. Tel.: +1 603 650 5104;
fax: +1 603 650 6233.
E-mail address: eric.dinnerstein@hitchcock.org
(E. Dinnerstein).
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doi:10.1016/j.seizure.2007.07.013the status epilepticus was controlled, the calcium
level was promptly corrected and calcium supple-
ments withheld, both patients developed epileptic
seizure activity after the initial event. Both patients
were later found to have mesial temporal sclerosis,
diagnosed on MRI. We concluded that hypercalcemia
due to milk alkali syndrome can induce status epi-
lepticus, with subsequent persistent epilepsy. The
relationship of hypercalcemia to the development
of mesial temporal sclerosis remains unclear.Case report 1
Patient 1was a 54-year-old femalewith no significant
pastmedical history, especially no history of previous. Published by Elsevier Ltd. All rights reserved.
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Figure 1 FLAIR brain MRI of patient 1. Volumetrics of the
hippocampi. Right: 3.09, left: 3.16 mm3.seizures and epilepsy. She had a normal birth and
normal early development. Specifically, therewas no
history of febrile seizures. She denied any other risk
factors for epilepsy, including head trauma, infection
and family history. There was, however, a history of
alcohol abuse. She also admitted to take large doses
of calcium carbonate for heartburn, prior to her
presentation with status epilepticus.
The patient presented to a local emergency room
after she was found unresponsive by her husband.
While she was waiting for emergency services, a
relative who is a registered nurse witnessed inter-
mittent right-sided tonic clonic seizure activity with
right-sidedweakness. In theemergency room,urgent
laboratory workup revealed a serum total calcium of
17.9 mg/dL (normal: 8.5—10.2 mg/dL) with acute
renal failure. The patient was given phenytoin intra-
venously, and its level was brought into a therapeutic
range. The total duration of seizure activity was
uncertain, however, she definitely did not return to
baseline after 30 min. While she was hospitalized,
there was one single witnessed right-sided tonic
clonic seizure with altered mental status lasting
minutes, eventually requiring intubation. Due to
recurrent seizures with no interictal recovery, the
patient was diagnosed with status epilepticus.
During her 13-day hospitalization, her calcium
levels returned spontaneously to normal, with com-
plete resolution of her renal failure. Her calcium
carbonate was withheld. The patient underwent an
endocrinological evaluation which was unremark-
able, with normal parathyroid hormone and vitamin
D levels. A lumbar puncture performed to rule out
infectious etiology was sterile, including normal
cytology and a negative herpes virus PCR. The clin-
ical evaluation and laboratory studies found no
evidence of malignancy. A CT of the head demon-
strated mild atrophy, attributed to previous alcohol
abuse. An MRI was not obtained at the outside
hospital. An EEG performed 12 days later demon-
strated left hemispheric suppression, with intermit-
tent paroxysmal discharges on the left. The patient
had no further seizures at that time and was dis-
charged on phenytoin.
Subsequently, over the next few months she had
recurrent events of ‘‘phasing out’’, sometimewith an
aura of a scintillating scotoma in her right visual field.
The events were associated with confusion, aphasia
and occasionally right arm dystonia. She was evalu-
ated at our epilepsy clinic, and was found to have a
therapeutic level of phenytoin (12.4 mg/l) and a
normal calcium level (9.9 mg/dL). She was having
frequent complex partial seizures, with recurrent
episodes of confusion and aphasia, some of which
were witnessed in the clinic. An urgent EEG was
quickly obtained, showing her to be in complex par-tial status epilepticus, with left temporal sharp theta
bursts followedby slowing of thebackgroundactivity.
Phenytoin was increased and she was admitted for
better control of her seizures. Upon reaching a higher
therapeutic level of phenytoin (19.2 mg/l), the
patient recovered and was back to baseline within
12 h. Later, lamotrigine was added for better seizure
control, but she is still having about one complex
partial seizure per month.
MRI of the brain using an epilepsy protocol, per-
formed 2 months after the initial presentation,
demonstrated mild asymmetry with a prominent left
temporal horn and left hippocampal atrophy (see
Fig. 1). Neuropsychological assessment conducted
3 months following the first seizure demonstrated
generally mild deficits in verbal encoding and retrie-
val, executive functions (cognitive flexibility, ability
to maintain cognitive set) and visuospatial skills.
These findings were noted in the context of low
average to average intellect, and functioning within
normal limits across other cognitive domains.Case report 2
The second patient was a 41-year-old woman, with a
history hypothyroidism and hypoparathyroidism,
who had undergone a thyroidectomy for a benign
mass. She was treated for years with calcium acet-
ate and magnesium supplements. Otherwise, she
had a normal birth, with reportedly normal devel-
opmental milestones, but a history of significant
learning difficulties. There was no history of febrile
seizures, head trauma or infection. There was no
family history of epilepsy.
Without obvious precipitating factor, she was
found on the floor having continuous generalized
294 E. Dinnerstein et al.
Figure 2 FLAIR brain MRI of patient 2. Volumetrics of the
hippocampi. Right: 3.37, left: 1.89 mm3.tonic clonic seizure activity. An initial dose of phe-
nytoin and boluses of benzodiazepines were not
effective. The patient was intubated and sedated
with propofol, and loaded with intravenous Pheno-
barbital. Her seizure activity then quickly stopped.
Twenty-four hours later, the patient was taken off
sedation. She was not having seizures, however, she
did demonstrate right-sided weakness, which was
thought to be a Todd’s paralysis. Laboratory workup
revealed acute renal failure with a serum total cal-
ciumof 19.2 mg/dL (normal: 8.5—10.2 mg/dL). After
the seizures were controlled, she admitted that she
was taking large amounts of calcium carbonate up to
1—2 bottles per day, due to gastric discomfort. Her
hypercalcemia resolved with aggressive hydration
and calcitonin. There was no evidence of malignancy
despite extensive diagnostic evaluation. A CTof the
head was unremarkable, an MRI was not obtained at
that time. The parathormone level, vitamin D levels
and thyroid functions tests were normal. It was con-
cluded that she had a prolonged seizure due to the
milk alkali syndrome.
She was discharged after 11 days, on phenytoin
monotherapy, which was discontinued after she was
seizure free for 5 months. After discharge, the
patient was started on bupropion for depression
and had another brief generalized tonic clonic con-
vulsion. Bupropion was withdrawn and phenytoin
restarted. Over the course of the next year, she
experienced recurrent generalized tonic clonic sei-
zures preceded by a typical aura, with altered body
sensations and color perception. She also reported
occasional complex partial seizures without gener-
alization. She was evaluated in our epilepsy clinic.
The seizure management included topiramate and
lamotrigine which were added subsequently, with-
out complete control of seizure activity. MRI of the
brain using an epilepsy protocol, two years after the
initial event, demonstrated left hippocampal atro-
phy, with abnormal T2 signal in the mesial temporal
region on the left consistent with mesial temporal
sclerosis (Fig. 2). Left hippocampal atrophy was
confirmed by volumetric studies.
Almost 3 years after the initial event, she was
investigated with video EEG monitoring. Her sei-
zures were characterized by auditory and visual
alterations, flexion of the right arm, head turning
to the right and assumption of a fencing position.
Occasionally this would generalize into a tonic clo-
nic seizure. Video EEGmonitoring demonstrated left
temporal theta the activity at onset of her seizure.
Interictally, left temporal spikes were present. The
neuropsychological assessment conducted 2.5 years
following the episode of status epilepticus demon-
strated impairment across most cognitive domains,
including verbal and nonverbal memory, attention-related and executive functions, expressive lan-
guage and visual construction. Intellectual function-
ing was in the borderline to extremely low range,
and cognitive abilities were thought to reflect a
significant decline relative to the estimated pre-
morbid functioning. Receptive language and sensor-
imotor skills were largely intact. AWada test showed
left hemispheric dominance for language with pos-
sible right hemispheric participation. Ictal SPECT
demonstrated hyperperfusion in the left medial
temporal region with hypoperfusion in the lateral
temporal region. The patient refused further
workup for epilepsy surgery, and her seizures
remained intractable to medications.Discussion
The common neurological manifestations of hyper-
calcemia are malaise, confusion, encephalopathy
and coma. Hypercalcemia induced seizures are
rare.1,2 A few case reports of seizures associated
with hypercalcemia have been published: a preg-
nant woman with concurrent hyperparathyroidism,3
a child with immobilization hypercalcemia4 and a
patient suffering from vitamin D intoxication.1 No
patients with milk alkali syndrome and subsequent
seizure activity have been reported until now.
EEG abnormalities associated with hypercalcemia
without seizure activity include slowing of the post-
central rhythm, high voltage bilateral synchronous
frontal delta activity, and prominent lambda waves.5
The pathophysiology of such EEG abnormalities is
poorly understood. Existing theories for hypercalce-
mia induced seizure activity include hypercalcemia
causing cerebral vasospasm,6 hypercalcemia asso-
ciated with hypertensive encephalopathy,7 or con-
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with petechial hemorrhages has been reported in one
autopsy of a patient with isolated hypercalcemia and
seizures.9
This is the first report of patients suffering from
seizures associated with calcium carbonate over-
use. Both patients described above demonstrated
marked hypercalcemia and renal failure with status
epilepticus in the setting of excessive calcium
intake. In both patients, exogenous calcium admin-
istration was thought to be the cause of the hyper-
calcemia. The high calcium levels resolved, in one
case spontaneously, and in the other case with
calcitonin, with cessation of exogenous calcium
supplement administration. No malignancy or para-
neoplastic syndrome was found.
Both patients had normal births and early devel-
opment, with no history of previous seizures, febrile
seizures or head trauma. They both suffered subse-
quently from complex partial seizures. Both were
later found to have hippocampal atrophy and/or
mesial temporal sclerosis on MRI. The seizures in
both cases, clinically and electrographically, are
compatible with mesial temporal lobe epilepsy.
Unfortunately an MRI was not obtained at the time
of the acute event, so we do not know whether
hippocampal atrophy may have been a preexisting
condition.
Did the acute hypercalcemia contribute to the
development of hippocampal atrophy, which was
later diagnosed in both cases? The etiology of hip-
pocampal atrophy and mesial temporal sclerosis is
unclear. There is an increased incidence of mesial
temporal sclerosis in patients with epilepsy who
have a history of complex febrile seizures.10 How-
ever, as both patients had no history of seizures or
febrile seizures it seems unlikely that mesial tem-
poral sclerosis was a preexisting condition, and if
present, it was clinically silent until hypercalcemia
occurred. Noteworthy is the observation that the
prevalence of mesial temporal sclerosis in the
absence of clinical seizure activity (as was the case
in both women prior to the acute event) is extre-
mely small. In a study of 207 patients having an MRI
of the head for other reasons, only 2 were found to
incidentally have mesial temporal sclerosis.11
Another possibility is that the patients later
developed hippocampal atrophy due to their pro-
longed episodes of status epilepticus. A causative
association between status epilepticus and hippo-
campal injury has been shown in animal models.12 It
remains uncertain whether a similar pathophysiolo-
gical phenomenon occurs in humans. Some human
imaging studies address the possible association.
Hippocampal abnormalities have been noted, with
T2 hyperintense signals found in MRIs of five patientssuffering from status epilepticus, with two patients
later developing mesial temporal sclerosis.13 There
are no reports in the literature linking hypercalce-
mia (or any other calcium metabolism abnormal-
ities) to mesial temporal sclerosis. Moreover,
possible mechanisms for hypercalcemia induced
seizures, such as hypertensive encephalopathy, cer-
ebral vasospasm or membrane instability, are not
theoretically or empirically related to the subse-
quent development of mesial temporal sclerosis.
While this report does not prove an absolute link
between hypercalcemia induced status epilepticus
and the development of mesial temporal sclerosis,
we hereby present two cases with the interesting
coincidence of these conditions. Hypercalcemia
rarely causes seizures. When it does so, particularly
if the seizures are prolonged, there is reason to
suspect that the hypercalcemia itself, the prolonged
seizures, or both together lead to the subsequent
development of mesial temporal sclerosis and per-
sistent epilepsy.References
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